In this article, an instrument for assessing upper secondary school students' levels of technological literacy is presented. The items making up the instrument emerged from a previous study that employed a phenomenographic research approach to explore students' conceptions of technology in terms of their understanding of the nature of technology and their interaction with technological artefacts. The instrument was validated through administration to 1245 students on completion of their 12 years of formal schooling. A factor analysis was conducted on the data and Cronbach alpha reliability co-efficients determined. The results show that a five-dimension factor structure (namely, Artefact, Process, Direction/Instruction, Tinkering, and Engagement) strongly supported the dimensions as developed during the original phenomenographic study. The Cronbach alpha reliability co-efficient of each dimension was satisfactory. Based on these findings, the instrument has been shown to be valid and reliable and can be used with confidence.
Introduction
The inclusion of Technology as a defined subject area in schooling (Tamir 1991; Waetjen 1993; Gagel 1995 Gagel , 1997 Lewis 1999 ) emerged strongly in the 1990s (cf. Compton and Harwood 2003; Williams 2005 , Jones et al. 2013 . South Africa was a country to follow suite during this time (Ankiewicz 1995; Pudi 2007; van Rensburg et al. 1996) and throughout multiple revisions of the national curriculum (Department of Education 1997 , 2002 Stevens 2005; Potgieter 2012 ), the primary aim has explicitly been to produce technologically literate students. However, defining technological literacy has proven to be "unexpectedly complex and difficult" (Gagel 1997, p.1) . It has been argued that being literate in technology means that you have proficiency and knowledge, beyond the focus on artefacts and techniques of technology, but with more focus on the knowledge and inventiveness that is technology (Gagel 1997) . For students, a simplistic view of technology has the potential to reduce the concept of technology to raw materials -"stuff that we can transform into artefacts" (Dakers 2006, p.2) . For a more sophisticated way of conceptualising about technology, students' thinking should encompass an awareness of the knowledge and processes that are involved in the creation of artefacts, as well as the implications thereof (ITEA 2000) .
Recent research suggests that teachers seldom integrate all the outcomes from educational policy documentation into actual lesson plans (see for example, Potgieter 2012) . Thus an important question could be how to monitor students' development of technological literacy as they proceed through a curriculum. An instrument able to quantify levels of technological literacy in students could help improve the teaching and learning of Technology in general, and accordingly inform curriculum, classroom pedagogy as well as help focus teacher education in this area. However, our review of the literature suggests that existing instruments of this nature are not necessarily able to give a holistic view of what it means for students to be technologically literate. Notwithstanding that much of these limitations centre on the multiple meanings of the nature of technology, it is important to ask whether a single instrument can address this question satisfactorily as it has been suggested that a robust instrument to assess technological literacy is, to date, still generally lacking (Gagel 1997; Garmire and Pearson 2006) . This article describes how it has been possible to develop such an instrument -one that is valid, reliable and satisfactorily able to holistically assess students' levels of technological literacy.
Theoretical framing
Technology education curricula in schools are typically underpinned by studies on what it means for students to be technologically literate. These studies draw on experts' understandings of the field and are informed by the philosophers of technology, learned and professional societies, etc. However, we argue that as the literature has included multiple different understandings of the nature of technology and what it means to be technologically literate (for example , Waetjen 1993; Gagel 1995 Gagel , 1997 ITEA 2000; Garmire and Pearson 2006) , a "one size fits all" definition is difficult to articulate -and problematic to implement in a school curriculum. Indeed, students who engage with technology, both inside and outside of the classroom, seldom passively receive knowledge -they interact with it (Jenkins 1997 ) and selectively develop their understanding of the nature of technology through being influenced in their everyday life experiences thereof.
If one now makes use of a survey instrument to attempt to understand how levels of technological literacy are developing in students, researchers' expectations about what it means to be technologically literate may be differently framed to students' internalised understanding of the nature of technology and what it means to be technologically literate. An analysis of prior research, particularly those using surveys (for example Bame and Dugger 1989; Boser et al. 1998; Garmire and Pearson 2006; Rose and Dugger 2002; Rose et al. 2004; Volk et al. 2003) , suggests evidence of this possible different framing. For instance, some researchers (for example Garmire and Pearson 2006; Volk et al. 2003) suggest that empirically, surveys are unlikely to give a holistic picture of students' levels of technological literacy.
Many surveys appear to only partially combine the dimensions of knowledge, capabilities, and critical thinking and decision-making (NRC 1996; Garmire and Pearson 2006) -which have been argued to present a unifying view of technological literacy (Garmire and Pearson 2006) . Here, the three major components or dimensions of technological literacy are combined where knowledge includes both factual knowledge and conceptual knowledge; capabilities relate to how well a person can use technology (defined in the broadest sense), and critical thinking has to do with ones approach to technological issues. This three-part model was further developed in a study by Collier-Reed (2006) , who defined technological literacy as 'understanding the nature of technology, having a hands-on capability and capacity to interact with technological artefacts, and … be able to think critically about issues relating to technology' (p.15), a view that has been adopted for this current work.
A challenge is to quantify students' levels of technological literacy using this definition when many surveys measure only a single dimension thereof; which has been described as an 'alternative way to assess technological literacy' (Boser et al.1998, p.5) . Indeed, a substantial amount of literature reports on surveys that measure attitudes towards technology (see for example, Bame and Dugger 1989; Boser et al. 1998; Garmire and Pearson 2006; Rose and Dugger 2002; Rose et al. 2004; Volk et al. 2003) . The PATT (Pupils' Attitudes towards Technology) questionnaire (Raat and de Vries 1985) is one of the best known technologyrelated survey instruments. In its early form, the questionnaire included an essay (qualitative) section with questions derived from the literature as well as through interviews with professionals in the field -primarily reflecting the aforementioned expert view of technology. Results in the USA (Bame and Dugger Jr 1989) suggested that this qualitative section of the original instrument was not well understood by those completing the questionnaire and in Hong Kong (Volk et al. 2003) for example, this section was explicitly excluded from the study. We suggest that one of the reasons for there being difficulty with this qualitative section is that it is possible that the students could not distinguish the concept scales they were asked to consider as they were developed from 'expert views'. As such, there may have been a disjuncture between how researchers described an aspect of technology and how students understood or interpreted what was described. More recently, Ardies et al. (2013) "reconstructed and revalidated" the PATT survey, but it is our contention that the survey remains largely based on experts' discourse around technology.
Another significant study that has investigated students' levels of technological literacy was undertaken in 2001 by Saskatchewan Education in Canada. In this study, they looked to assess students' levels of technological literacy and provide 'a snapshot of their skills, knowledge, attitudes and practices' (Saskatchewan Education 2001, p.1). For this investigation, they define technologically literate students as students that have the ability to 'understand how technology and society influence one another and … [are able to] use this knowledge in their everyday decision making' (p.1). One feature of the Saskatchewan Education data collection process worth noting is the assessment criteria against which levels of capacity and capability of the pupils were measured. These consisted of a set of levels developed by the 'stakeholder representatives' (Saskatchewan Education 2001, p.62) that included various civil society and governmental organisations with educational as well as technical expertise. These are, as such, an 'expert' scale (cf. the PATT questionnaire) against which to judge levels of capability and capacity. However, there is no guarantee that students in upper secondary schools will conceive of technology or interact with technological artefacts in terms of the levels developed by the stakeholders -a situation borne out by the nature of some of the results that emerged.
Based on a growing body of evidence, we argue that making use of experts' views of what it means to be technologically literate for use in the development of a survey instrument has the potential to be problematic. We suggest that the results that emerge are influenced by students simply not understanding, or indeed recognising, some of the more advanced conceptionsdimensions -of technological literacy. What may have been more relevant, or useful, would have been to determine, from the students' perspective, the range of ways that it was possible to conceive of technological literacy and then to base the dimensions used in the instrument on this scale. Some researchers (for example Trigwell 2000 Trigwell , 2002 Prosser and Trigwell 1999) have used phenomenography to determine students' conceptions of various phenomena in this way. Phenomenography is an empirical research tradition commonly used in the educational context (Marton 1986). For a phenomenon, there are a limited number of qualitatively different ways that this phenomenon could be conceived and phenomenography describes the variation in conceptions of this phenomenon across a group of individuals; as a collective (Dall'Alba et al. 1993; Trigwell 2000; Collier-Reed and Ingerman 2013) .
Phenomenographic research has as its outcome a set of categories that characterise the variation in the ways a phenomenon can be conceived. This 'complex' of categories form what is referred to as an outcome space where the categories will be logically related to one another, both internally and between categories. Once the outcome of a phenomenographic analysis has been finalised in terms of categories, an instrument could be developed where the dimensionswhich would develop out of the categories -would then be directly reflective of students' conception of that phenomenon. Phenomenography has been used in this way (Trigwell and Prosser 2004; Prosser and Trigwel, 2006) to develop an instrument called the Approaches to Teaching Inventory. Similarly, Collier-Reed (2006) used the phenomenographic research approach to explore students' conceptions of technology. The study was conducted to understand how upper secondary school students in grades 11 and 12 conceive of, and interact with, technology; which he argued captured the key dimensions of what it was to be technologically literate. The outcome of that investigation (see for example Collier-Reed 2006; Collier-Reed, Case & Linder 2009 and informed the present study in the development of an instrument to assess students' levels of technological literacy.
Developing the instrument
This article focusses on the validation of a widely-applicable and distinctive survey instrument for assessing students' levels of technological literacy. The development and validation of the instrument has drawn extensively on our prior work in this area (Luckay & Collier-Reed 2011a&b) . In earlier work, as described above, dimensions of technological literacy were developed which Collier-Reed (2006) In order to classify students' responses relative to these categories, a series of statements describing the dimensions of technological literacy were developed. To ensure congruence between the students' responses and the categories, sections of an interview relating to a specific category were 'assigned' to a dimension. These interviews were then reanalysed, finally resulting in a number of clearly defined statements (nominally in the students' own words) pertaining to each category.
As an example of how a section from an interview was used in the development of a statement, consider the following extract that was classified as belonging to the category 'Technology is conceived of as an artefact': From this interview extract, the following representative statement was constructed: Things with complicated wires and parts that you don't understand are technology representing a particular student-held view of technology. Importantly, this process ensured that the statements derived from this process were the students' own comments, and are thus in a style to which they can relate. Consequently, the original pilot instrument was defined by 41 statements constructed in this way. There were 25 statements relating to experiencing the nature of technology, and 16 statements relating to the experience of interacting with technological artefacts. After refinement of the original instrument, where the focus was also on clarity and readability of items, the revised instrument was made up of 30 questions and was shown to be valid and reliable (Luckay & Collier-Reed 2011a&b) -with data being collected from 1064 students across two pilots. These students were drawn from the Engineering and the Built Environment, Commerce, and Humanities faculties as well as from various senior secondary-schools in order to ensure as far as possible the generalizability of the results.
During the first pilot (Luckay & Collier-Reed 2011a) , the instrument was administered to 435 students early in their first year of study at the University of Cape Town and before they had meaningfully engaged with any tertiary-level material. The groups were split between Engineering (198) and Commerce (237) students. Exploratory factor analysis supported the existence of six dimensions, offering notational support for the distinctions between artefact, process, direction, instruction, tinkering and engagement -cf. the categories shown in Table 1 . These findings were used to refine the item pool for clarity. Items that showed factor loadings less than 0.3 were deleted from further analyses. The result of the first pilot was a 23-item survey, which was adjusted to a 30-item survey after some of the items were re-considered and reworded for conceptual clarity where appropriate to ensure that the items better fitted the dimension.
Two additional pilots were conducted in order to further clarify the dimensions after the modifications had been made. In the second pilot, the 30 item survey was administered to 629 upper secondary school and first-year university students. The group was diverse consisting of students at the end of their schooling and those entering their first year of university. Additionally, the students at university were from diverse faculties, namely, engineering, commerce and the arts. Exploratory factor analysis suggested that a five rather than a six dimensional solution was more interpretable in terms of the factors formed (Luckay & CollierReed 2011b) . The Direction and Instruction scales came together during the factor analysis, suggesting that students regarded Direction and Instruction in similar ways and a new combined scale was formed. Moreover, the factor analysis suggested that three items be removed as their loadings were less than 0.3. However, after careful reflection, we elected to retain the three items as it helped to provide enhanced conceptual clarity.
In the third pilot, the 30-item instrument was used to collect data from 969 students at the University of Cape Town (Luckay & Collier-Reed 2012) . The sample was drawn from the Engineering and the Built Environment (312), Health Sciences (80), Science (289) and Humanities (288) faculties. Participants were required to supply biographical information including their age, gender, current degree programme, and upper secondary school attended.
The final confirmatory study of the instrument was conducted using the 30-item instrument that was analysed during the third pilot. Data were collected from 1245 students within their first three weeks of study at the University of Cape Town. The sample was drawn from the Engineering and the Built Environment (310), Health Sciences (189), Science (288), Commerce (175) and Humanities (283) faculties. Participants were required to supply biographical information including their age, gender, current degree programme, and high school attended. From this information, it was determined that the sample consisted of 587 (47.5%) males and 648 (52.5%) females -15 students did not indicate their gender. The average age of the students was 19.13 years (SD=0.5) -25 students did not indicate their age.
The instrument was administered by us to ensure consistency in the instructions given to the students and to answer possible queries. Participants were required to mark on a seven-point Likert scale (Cohen et al. 2000) their level of agreement with each item on a scale ranging from Strongly Disagree to Strongly Agree. The data collected from the students were used to examine the validity and reliability of the instrument. As a first step, a factor analysis was performed to cluster variables (Field 2005) . The sample size for the present study was appropriate to perform such an analysis as Tabachnick and Fiddell (2007) suggest that 'it is comforting to have at least 300 cases' (p. 613). Additionally, Nunnally (1978) recommends that the ratio of the items to subjects is ten to one, that is, 10 cases for each item to be factor analysed. Others have suggested 5 cases for each item (Tabachnich and Fiddell 2007) . The data collected thus meet the requirements for both sample size and case to item ratio.
Results
The data were collected from 1245 students across five faculties at the University of Cape Town and used to examine the validity and reliability of the instrument by performing a principal component factor analysis followed by a varimax rotation.
During analysis of the previous pilot data (Luckay & Collier-Reed 2012) , careful attention was given to the dimension Engaging as it manifested itself in the data. In the original phenomenographic analysis from which this dimension developed, engaging with a technological artefact was described as taking 'place in the context of self-initiated free enquiry with prior experience being drawn from, and supplemented as required, to inform the interaction' Collier-Reed (2006, p.101). The original study suggests that this dimension is an advanced conception; a view supported by an analysis of the data. Removing the questions associated with this factor in a five factor solution resulted in a four factor solution emerging. A careful re-examination of the data suggests that Engaging is probably experienced by a minority of the sample. However, as this factor is very likely (as argued in the original phenomenographic study from which these dimensions emerged) to contribute to the overall profile of a students' technological literacy, the dimension was retained in the current analysis. Table 2 shows the outcome of the analysis of the data collected. A full description of the questions associated with each item number in the table can be found in Appendix 1. Overall, the percentage variance accounted for by the different scales ranged from 4.25% to 18.81%, with a total variance accounted for being 45%. For the revised instrument, the Cronbach alpha co-efficient was used as an index of scale internal consistency. Careful analyses of the factor loadings as well as the Cronbach alpha coefficients of all the dimensions indicated that it would be appropriate to retain all but one of the items in the instrument. Table 3 shows that the internal reliability (Cronbach alpha coefficient) ranged between 0.61 and 0.83. Overall, these results indicate that the internal consistency for the instrument is satisfactory (Field 2005; Kline 1999 ). Taken together, the results for the factor analysis, as well as the index of scale reliability (Cronbach alpha reliability index) suggest that the instrument is reliable and valid to use for upper secondary school and first year university students. The final version of the instrument thus consists of 29 items and is presented in Appendix 1.
Discussion and concluding remarks
The development and validation of the instrument -to determine students' levels of technological literacy -is timely given the renewed focus internationally on the importance of developing a technologically literate youth (Ingerman and Collier-Reed 2011) . The instrument was rigorously developed, captures the important dimensions of technological literacy, and provides educators and researchers with an accessible means of determining students' levels of technological literacy. The factor structure for the instrument shows congruence with the nature of the categories that emerged from the original phenomenographic analysis that underpins this instrument. All items have a factor loading of at least 0.33 on their a priori scale and no other scale. Furthermore, the internal consistency reliability estimate (Cronbach alpha coefficient) for each of the dimensions of the instrument was comparable with prior studies.
The original interviews used to develop the questions in the instrument were conducted with participants who came from diverse cultural and socio-economic backgrounds. Furthermore, the data used in validating the instrument were likewise collected. This notwithstanding, it is recognised that there may be cross-cultural limitations to using statements developed and validated in this way. One approach to addressing this possible limitation would be to have the instrument translated and back-translated across different contexts to better understand the cultural nuances in the items.
The authors' previous work Collier-Reed 2011a&b, 2012) has described how the original dimensions that emerged from the phenomenographic study are currently represented in the factors. These factors usefully straddle the product / process divide with respect to the nature of technology on the one hand and students who shy away from interacting with technological artefacts versus those who are uninhibited in their interaction with these artefacts through tinkering on the other.
For the scale Direction/Instruction, in the first pilot (Luckay and Collier-Reed 2011a) , the results suggested that the scale Instruction was less useful as a stand-alone scale. However, in the second pilot (Luckay and Collier-Reed 2011b) , and in the present study, the reliability coefficient suggest that combining the scales Direction/Instruction was more meaningful (the Cronbach alpha reliability was 0.83 -see Table 3 ). Interestingly, the fact that the two scales merged in the factor analysis (Table 2) suggest that the students could not distinguish between whether the teacher or facilitator was directing them or instructing them in their interaction with an activity. Students see Direction described by Collier-Reed (2006) as:
The result of a directive by someone. It is not something that happens spontaneously as there is reluctance to making the first move toward approaching it. This category describes the experience as being on the outside looking in towards a technological artefact as a reified object, the artefact is placed on a 'pedestal' in an exalted, unapproachable position. (p. 298)
Collier-Reed (2006) described Instruction as 'receiving instruction via some means which enables the interaction with the artefact' (p. 299). Thus, it could be that students preferred being helped or guided to ways of initiating their interaction with a technological artefact. It is likely that these students lacked the spontaneity to interact with a technological artefact independently. The results from this study could have implications for both professional development programs for teachers as well as classroom practices. This instrument provides an important means of monitoring teaching -particularly in cases where there is a blurring between directing and instructing students. Here, teachers might adjust their learning environment towards a more focused promotion of a technologically "safe" environment.
The scale Tinkering plays an important role in distinguishing groups. This scale is described by Collier-Reed (2006) as: [C] haracterised by a self-initiating interaction with a technological artefact by beginning to tinker with it… [T] here is no need for instruction to enable the interaction. There is no sense of being intimidated by anything to do with the artefact… [They] recognise that an artefact has a variety of functions and set out to determine what they are and make the artefact operate (p. 299-300).
The fact that students are able to self-initiate their interaction with a technological artefact implies that these students have moved beyond being directed or instructed to interact with an artefact. They most likely have the skill, ability and understanding to interact with an artefact in a more sophisticated way. Thus, it could imply that whatever level of academic development, some students have an innate ability to interact with a technological artefact, without being initiated by some form of direction or instruction from an outside source. Students who have the ability to self-initiate through tinkering may be better candidates for technical programmes, like Engineering. In fact, comparing the technological literacy of students across faculties, Luckay and Collier-Reed (2011b) found that Engineering and Science students are more likely to tinker than Arts or Commerce students. Further research is required to determine if the instrument could be used as a tool to help select students for admission to technical programmes like Engineering as this result may suggest.
The Engagement scale was notable because it could be that the low reliabilities in all the pilot studies suggest that the students could not yet fully relate to some of the items, implying that they are not at an "advanced" level of technological literacy. One might argue that students entering their first year of tertiary education should be at this level. In particular, some students following more technical degrees, like Engineering, Physics and Health Sciences should likely be at this level. This result is interesting and invites further investigation to compare the levels of technological literacy across diverse groups of students, as well as interviewing students to give greater insights into this area.
Based on the findings in this study, the survey instrument has been shown to be valid and reliable and can be used with confidence in future research.
